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3,234,362
MACHINE FOR WINDING A BALL
Rudeliph G. Holman, Anaheim, Calif., assignor to W. J.
Voit Rabber Corp., a corporation of California

Original application Dec. 30, 1957, Ser. No. 705,294, now

Patent No. 2,995,311, dated Aug. 8, 1961. Divided

and this applicatien Qct. 12, 1960, Ser. No. 62,233

7 Claims. (CL 235—-151.1)

This invention relates to an apparatus for making a
winding on play balls and commercial balls. The inven-
tion is applicable to such balls as volley balls, basketballs,
baseballs, etc. and also balls which are used as floats,
buoys, fish-net balls and other spherical articles requir-
ing a reinforcing winding or a carcass made of fine siring
or thread.

This application for patent is a division of the parent
application Serial Number 705,994, filed December 30,
1957, now Patent No. 2,995,311, entitled, The Method of
Winding a Ball.

The parent application discusses the method of produc-
ing a winding on a ball while this application relates to
the apparatus for applying the winding to the ball.

The thread windings, or a “winding” as it will be called
in this specification (the -completed layer of wound
thread) fizes the size of the ball and provides a very strong
fiexible layer on the ball which can resist pressure of air
pumped into the ball.

The disclosed apparatus for applying the winding to a
ball is an electronically-controlled apparatus which per-
mits the introduction of a large number of control sta-
tions for selecting and modifying each “program cycle”
and the number of the program cycles used, or con-
tained in “the complete cycle.” The meaning of these
two terms, the “program cycle” and the “complete cycle”
will become more apparent from the description of the
“programming system,” which is the electronic system
controlling the mechanic components of the ball-winding
machine, Briefly stated, the program cycle is the cycle
which determines the number of turns used in the cycle,
the position of these individual 360° turns on the outer
surface of the ball, the position of the turns with respect
to each other within the program cycle and the position
of the program cycles with respect to each other on the
ball's surface. The program cycle has a winding period,
or time interval, and the pause period, the two time pe-
ricds constituting the complete program cycle. All of
the parameters of the program cycle can be varied by
means of the programming system and since each indi-
vidual cycle may be made to be identical to all other
program cycles or may be made to differ from all other
program cycles, it becomes necessary to introduce the ad-
ditional term, the “compiete cycle” which defines, or de-
scribes the number of the individual program cycles in-
cluded in the complete cycle. By definition, it means
that the complete cycle may include a variable number
of the program cycles. In the illustrated electronic pro-
gramming system such number of the program cycles
within the complete cycle may vary from 1 to 10 merely
because there are ten pairs of program cycle switches
and electronic gates in the system. This number of com-
ponents may be decreased or increased with the corre-
sponding decrease or increase in the number of available
variables in the complete cycle.

- For the sake of simplicity, it will be assumed in this
introductory part of the specification that the program
cycle has six complete turns (it may have from 2 to 20
turns with the disclosed apparatus) in each program cycle
and that this cycle repeats itself throughout the complete
cycle. It should be mentioned here, that the complete
winding may include a large number of the complete
cycles, such as 8-20, depending on the number of the pro-
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gram cycles in the complete cycle and the type of the de-
sired winding. In the above example, it has been as-
sumed arbifrarily that the complete cycle includes ten
program cycles.

With the above simplifying assumptions, each of the
successive winding periods within the program cycles com-
prises a group of turns which may be compared with,
and which resemble, a series of intersecting great circles
of longitude on a globe representing the earth. Thus,
the successive individual turns of a wind period inter-
sect in two diametrically opposite polar regions of the
ball, just as the imaginary lines of longitude intersect at
the two opposite polar regions of the earth. The transi-
tion from one wind period to another is accomplished
simply by continuing the final turn of a preceding wind pe-
riod along a true great circle for a predetermined fraction
of a turn during the pause pericd of each program cycle
and then repeating the original wind period with the en-
suing successive turns intersecting at a new pair of polar
regions. The new pair of polar regions is displaced from
the preceding pair by a predetermined distance and also
in a predetermined relative direction, as determined by
the duration of the pause period within each program
cycle. .

While the new winding pattern may be controlled and
predetermined with high precision, it is, nevertheless, ex-
ceedingly flexible in that the pattern and several param-
eters of the program cycle and of a group of program
cycles, constituting the complete cycle, may be widely
varied with the aid of an electronic programming system
in- various definitely known respects within the judg-
ment exercised by those operating the machine.

it is, therefore, an object of this- invention to provide
an electronically controlled ball-winding machine which
is‘capable of producing a winding on a ball having a pre-
determined controllable pattern composed of the previous-
ly defined program cycles and complete cycles.

It is. an additional object of this invention to provide
a machine of the above iype in which the parameters of
the program cycle and of the complete cycle may be
varied in 2 predetermined predictable manner.

It is alsoc an object of this invention to provide a ma-
chine for producing a winding on a spherical object which
satisfies many desired requirements, such as finite thick-
ness, flexibility, bursting pressure, weight, uniformity of
stress-sirain characteristics throughout the spherical con-
figuration of the winding and its thickness, dynamic char-
acteristics of a ball when such winding is used for making
play-balls, and a number of other features which must
be satisfied by the windings of the above type, including
reascnable cost, smooth outer surface, uniform distribu-
tion of individual turns throughout the winding, and as
close an approximation of great circles as possible by the
individual turns so long as such approximation constitutes
a practicable compromise with the optimum solution of
the requirements imposed by the numercus other winding
parameters.

The novel features which are believed to be charac-
teristic of the invention, both as to its organization and
method of operation, together with further objects and
advantages thereof, will be better understood from the
following description taken in connection with the ac-
companying drawings in which several embodiments of
the invention are illustrated as examples of the invention.
It is to be expressly understood, however, that the draw-
ings are for the purpose of illustration and description
only, and are not intended as a definition of the elements
of the invention. Referring to the drawings:

FIG. 1is a diagrammatic view of a sphere with a group
of winding turns constituting a portion of the winding
applied during one program cycle;
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FIG. 2 is a similar view showing a second succeeding
winding period of the next program cycle added to the
first program cycle to show the geometrical relationship
between successive program cycles;

FIG. 3 is @ plan view of the distribution of turns in
a typical program cycle, and especially the type of a polar
region which may be employed with the invention;

FIGS. 4 and 4A are additional plan views of another
type of the distribution of turns in a single program
cycle;

y_FIG. 5 is a plan view of the drive mechanism for a re-

ciprocating rod including the driving motor, computer-
controlled clutch and brake, a revolutions pulse genera-
tor, a cam and the reciprocating rod.

FIG. 6 is a side view of the cam shown in FIG. 5;

FIG. 7 is a side view of the revolutions pulse generator
shown in FIG. 5;

FIG. 8 is a plan view of two winding stations;

FIG. 9 is a vertical sectional view of the winding ap-
paratus takén along line 9—9 shown in FIG. 8, this view
being the view of the winding mechanism at one of the
winding stations;

FIG. 10 is a plan, or horizontal view of one station,
which view is partly in section taken along line 10—16
illustrated in FIG. 9;

" FIG. 11 is a sectional view of an idler roller taken
along line 11—11 shown in FIG. 10; :

FIG. 12 is a simplified plan view of the winding mecha-
nism at a winding station of the apparatus, the mechanism
being shown at one stage of the winding operaticn;
"FIG. 13 is an end elevation of the structure shown in
FIG. 12;

FIG. 14 is a plan view similar to FIG. 12 at another
stage in the winding period;

" FIG. 15 is an end elevation of the structure shown in
FIG. 14;

FIG. 16 is a plan view similar to FIGURES 12 and 14
showing the winding mechanism at still another stage
of the winding period;

FIG. 17 is an end elevation of the structure shown in
FIG. 16;

FIG. 18 is a block diagram of the electronic program-
mer for selecting and, once the selection has been made,
controlling the program cycles and the compleie cycle;

FIGS. 18 through 21 are the schematic diagrams of
the computer;

FIG. 22 illustrates the matching positions of FIGS. 21
through 23 with respect to each other for obtaining the
complete schematic d1agram

FIG. 23 is the front view of the control panel for the
programmer;

FIG. 24 is an explanatory diagram illustrating program
cycles and a complete cycle plotted against time-axis.

Referring to FIG. 1, it represents a ball having six
turns applied to the ball during the first program cycle,
the successive turns of the cycle being numbered 1 to 6.
In this particular instance, the illustrated program cycle
is the type in which all of the windings intersect at two
polar points P, there being two such polar points at dia-
metrically opposite positions on the periphery of the
ball, and the number of turns has been limited to six
turns. Moreover, the successive turns of the winding
are displaced by an angle « which, in the selected pro-
gram cycle is equal to approximately 15° as measured
by the angles at the polar points P. Thus, the total
displacement for this particular program cycle is 90°
and the completed winding period of the program cycle
covers approximately two diametrically opposite guad-
rants of the spherical afea of the ball. As will be pointed
out later, the ntmber of turns, angle « and the locus of
points P may be varied in each winding period of each
program cycle, which cycle includes the ‘winding period
and the pause pericd. The duration -of the pause period
can alsc be varied and it is the duration of the pause
period that determines the angular displacemient of the
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“polarized group turns” (turns 1 through 6 in FIG. 1)
which are produced during the winding period of each
program cycle. This will be discussed more ‘in detail
in connection with FIGS. 2, 3 and 4.

FIG. 2 shows the next succeeding polarized group of
turns comprising six identical turns, numbered 1a to 6a,
mtersectmg at a pair of diametrically opposite pole points
P’. It is to be noted that the last turn § of the first wind-
ing program-cycle is continued, the two poles P and P’
being spaced apart on the continuation of turn 6. The
circular distance P-P” is, of course, a fraction of a circle,
and in the selected example angle ¢ FIG. 1 is equal to
120°. In the same way a third successive polarized
group of turns, which is not shown in FIG. 2, would start
with the continuation of the turn -4 and one of the poles
of the third winding period would be on the turn 6-a,
the adjacent poles teing displaced by 120°. It is ap-
parent that the paths described by the successive pairs
of poles will conform to a particular geometrical pat-
tern, the selected pattern of pole migration being such as
to ach1eve the desired uniform distribution of the wound
material over the spherlcal area of the ball. In the above
example, angle ¢ remains constant, angle « remains con-
stant and 4 also remains constant, where 7 is the number
of complete turns produced during time ty, Where fy is
the duration of the winding period of the program cycle.
As stated previously, all of the above parameters, 7, tg,
¢ and « can be varied in the manner described below.

For a more detailed description of the windings, in-
dividual turns, and the pattern followed by the individ-
ual turns, reference is made to the patent application Se-
rial Number 705,994, now U.S. Patent 2,995,311, is-
sued August 8, 1961, which is made a part of this dis- .
closure.

BALL-WINDING MACHINE

(M echanical portion)

Proceeding now w1th the description of the winding
apparatus, FIGS, 5 through 11 disclose the mechanical
portion of the ball winding machine which is controlled
by the electromic programmer illustrated in FIGS. 18
through 22.

Referring to FIG. 5 a synchronous motor 508 is con-
nected to a source of power such as 60 cycle alternatmg
current power line. The synchronous motor is connected
to a shaft 501, a gear box 562 and electncally actuated
clutch 503 connected to a shaft 504 and electncally ac-
tuated brake 505 and shaft 506 mounted in bearings
507, 508 and 509. Shaft 505, which is connected to
and disconnected from shafts 504 and 501 by means
of the electric clutch 563, also includes a rotatable per-
manent magnet arm 510 which is rigidly attached to shaft
506 by means of a clamp 511. This arm has an ad-
justable pole-piece 512 which is adjusted to produce a Jow
reluctance path through a magnetic pick-up circuit 513.
The arm 518 and circuit 513 generate a pulse and impress
it on a conductor 5i4 comnected to. the electronic pro-
grammer which controls the operation of clutch 563 and
of brake 505 in such a manner so as to start and stop
the rotation of shaft 566 for controlling the winding
pattern produced on the ball. Shaft 506 also. includes
a cam 515 which is also shown in FIG. 6. This cam is
attached to shaft 586 and revolves with the shaft,

Cam 515 is mechamcally connected to a cam follower
516 and cam follower 518 is connected to a reciprocating
arm 517, Arm 517 in turn is connected through. a
coupling 518 to a reciprocating rod 212 Wthh controls.
the position of all ball-supportmg beveled rollers 114,
FIGS. 10, 11, 9 and 12-17 and in this manner controls
the type of a single turn preduced on the. ball, such as
turns I through 6 illustrated in FIG. 1. The eccentrlclty
of cam 515 controls the magnitude of the angle o and
of the angle ¢ since angle 4 is equal to the angle o mul—
tiplied by the number of complete turns used in a single
winding cycle or period, ie. 0=a.n. As will be pointed
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out later, it is also possible to vary « and ¢ by an addi-
tional control means, other than cam 515 which will be
described later after concluding the description of FIGS.
5 through 23.

The side views of cam 515 and of the mechanical arm
519 and of the pulse generator 513 is also illustrated
in FIGS. 6 and 7. FIG. 7 also illustrates the direction
of rotation of the mechanical arm 510. It is immaterial
whether shaft 506 rotates clockwise or counter-clockwise.

The synchronous motor 580 is connected to the power
line through an appropriate switch (not iltustrated) and
this switch remains closed as long as the winding machine
is in operation. Therefore, motor 508 provides a constant
speed drive for the reciprocating rod 212 which is thus
reciprocated in synchromism with the remaining drive
mechanisms of the machine. These additional drive
mechanisms are also driven by the synchronous motors
connected to the same source of A.C. power having a
constant frequency. Accordingly, as long as the syn-
chronous motor 588 and all other synchronous motors
are connected to the constant frequency source, the pro-

~ gramming of the program-cycle and of the complete cycle
is determined by the signals delivered by the programmer
to cluich 563 and brake 565.

The reciprocating rod 2i2 may control any number
of individual ball winding units, the term “unit” being
considered here as constituting a single station of the
machine capable of winding a single ball. In the ex-
ample illustrated in FIGS. 5 through 23, the reciprocat-
ing rod 212 controls 20 units, or stations, ten stations
being arranged in a single row on one side of the rod
and ten additional stations being arranged in the second
row on the other side of rod 212, the two rows being in
a back-to-back relationship with respect to each other
with the reciprocating rod 212 being a common ¢lement
for both rows.

The plan views and the side-views of the two back-to-
back stations of the above type is illustrated in FIGS. §,
9 and 10. Referring to FIGS. 8 through 11 collectively,
where the same elements bear the same numerals, the two
rows of stations are mounted on two elevated co-planar
platforms or base plates 119. Each of the winding sta-
tions has a drive roller 212 and two beveled idler rollers
114 which cooperate to provide a three-point seat for
supporting a ball B. At each of the winding stations
a thread 180 is supplied by a spool 115 and conirolled
by a well known type of automatic tensioning device 119.
Thread 180 is led upward through a sleeved aperture 118
to the periphery of the ball as shown in FIG. 9. At each
winding station an automizer or spray head 128 is ad-
justably mounted by a jaw-type holder 122, FIG. 8,
on an upright support rod 124, The various spray heads
are supplied by a compressed air supply pipe 125 and
a liquid supply pipe 126 which are honsed in a longi-
tudinal channel 128 along each row of stationms. Air
from the supply pipe 125 is supplied to each of the
spray heads 120 through a flexible hose 138 controlied
by a valve 132 and a liquid cement from the supply
pipe 126 is fed to the spray head through a hose 134
having a valve 135, A third hose 136 is comnected to
each spray head for remote control of the operation of
the gun by air pressure. In the presently preferred
practice of the invention the liquid supplied by pipe 126
is a coumaroncindene resin but other adhesive liquids
can be used in various practices of the invention.

The two rows of winding stations are provided with
an upright frame structure 138 mounted on plate 119.
Frame 138 carries a central exhaust duct 149 for remov-
ing vapors released by the spray heads 120. This duct
has an intake port 141 at each winding station. Mounted
on top of the frame structure 138 is a pair of shafts 142
journaled in spaced bearings 144. Shafts 142 extend
through the entire length of the machine. Rotatably
mounted on these shafts 142 are a plurality of overbang-
ing arms 145, there being one arm at each winding station
to weight down ball B. Each of these overhead arms
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145 carries a small pressure roller, or caster, 146 in a
swivel bracket 148, The swivel bracket 148 has a shank
159 that extends through a longitudinal slot 152 in the
overhead arm and is adjustably retained therein by a
pair of nuts 154.

Fach of the overhanging arms 145 is independently
rotatable on the corresponding shaft 142 and may be
individually and manually swung up and back to permit
replacement of a ball at the winding station. If desired,
however, all of the overhanging arms 145 on either of
the two shafts 142 may be raised simultaneously by
rotation of the shaft. For this purpose each of the over-
hanging arms 145 has a rearwardly extending flange
155 which normally rests against an adjustable screw
136 carried by a finger 158. The finger 158 is unitary
with a sleeve 169 that is fixedly mounted on the corre-
sponding shaft 142 by a set screw 162, shown in FIG. 8.
1t is apparent that rotation of a shaft 142 in a direction
to depress the fingers 158 thereon will cause all of the
overhanging arms 145 on the shaft to be rotated upward.

Each of the winding stations is partially enclosed by
a suitable hood to cause the vapors released by the spray-
ing operation to be confined and drawn off by the exhaust
duct 140. The hood for each winding station includes
wo side walls 164, FIG. 10, a front wall 165 and a
top cover 166 fastened to the overhanging arm 145
FIG. 5.

All of the drive rollers 112 of the winding stations are
connected through individual gear boxes 167 to the indi-
vidual synchronous motors 168 which are connected to
the same source of alternating current as motor 500 in
FIG. 5. Motor 168 is manually operated by means of
a “start” switch 169 and “stop” switch 178. This motor
is also operated (stopped) by a counter 172 in the man-
ner described below. A meiallic gutter 171 is used for
housing the wiring for the motors and counters, or timers
172, which are operated by the programming system.
The programmer sends timing pulses into timer 172 which
has a relay (oot visible) mounted in timer 172. The
programmer sends a pulse every 4.3 seconds, or some
other suitable time interval, which operates the counter
in the timer, the dial 173 of counter (see FIG. 8, top)
counting the number of pulses received by the counter.
After timer 172 {(or counter) receives a predetermined
number of pulses, it automatically shuts off motor 168
independent of the manually operated switches 169 and
176. The operator then removes the wound ball, inserts
the new ball, having no winding, connects thread 109 to
the surface of the new ball by manually winding several
times, depresses the timer switch 173 which again starts
the winding period of the next program cycle.

As best-shown in FIG. 11, each of the beveled idler
rollers 114 is mounted by means of a ball bearing 192 on
a spindle 194 which is carried by an inclined sleeve 195.
Inclined sleeve 185 is fixedly held by a screw 196 on an
irgolined pivot pin 198 and the opposite ends of the pivot
pin are journaled in sunitable bearing bushings 200 in a
bracket 282, Each of brackets 202 is mounted by a
ceniral screw 264 on the corresponding platferm 110 and
is secured against rotation on the platform by a suitable
key or dowel 205.

Sleeve 195, that carries spindle 194, has a control arm
286 (FIGS. 9 and 10) for oscillation of the idler roller
114 about the axis of inclined pivot pin 198. As best
shown in FIG. 10, the two control .arms 286 of the two
idler rollers 114 at each winding station are connected by
a pair of corresponding links 208 to an angular bracket
210. All of the angular brackets 218 of the two rows of
winding stations are fixedly mounted on the longitudinal-
1y reciprocative rod 212 (see also FIG. 5 for rod 212)
that is slidingly mounted in suitable bearings 2i4.. Rod
212 is reciprocated longitudinally by cam 515, as de-
scribed previously, to cause simultaneous oscillation of
all of the idler rollers 114 of the two rows of the winding
stations.







